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1. Introduction 

About 30-40 species of Anopheles mosquitoes are vectors in nature. Most members of theAn. gambiae are 
responsi bl efor transmi tti ng Plasmodium falciparum, the parasite that causes the most severe form of mal ari a i n 
sub-Saharan Af ri ca ( WH 0, 2017). TheAn. gambiae is a sped es compl ex that contai ns seven si bl i ng sped es that 
are morphological ly identical and i ndisti nguishable. These i ndude; A n. arabiensis, A n. bwambae, A n. gambiae 
sensu stricto, A n. me!as, A n. merus, A n. quadrinnulatusA, and A n. quadrinnulatus B. TheA n. gambi aes.s. sped es i s 
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A bstract 

Diversity of species arises majorly from speciation and this has serious 
epidemiological implications to disease transmission. The study aimed to 
determine the species of anopheline vectors of malaria present in five locations 
along with different altitudes on the highlands of Mambilla Plateau Nigeria. 
These are; Nguroje (1,885 m), Yelwa (1,674 m), Gembu (1,584 m), Kakara 
(1,496 m) and Mayo-selbe (484 m) above sea level. Samples were collected by 
Center for Disease Control (CDC) light trap, Pyrethrum Spray Catches (PSC) and 
others were reared from larvae. A total of 878 female anopheline mosquitoes 
comprising of five species namely; Anopheles gambiae si 757(86.22%), Anopheles 
coustani 73(8.31%), Anopheles funestus 29(3.30%), Anopheles pharoensis 18(2.05%) 
and A nopheles rufipes 1(0.11%). M ayo-selbe had the highest species abundance of 
572 but lowest species diversity index of 0.24 An. gambiae dominated over other 
anopheline species 0.76. Yelwa had the least abundance but very high diversity 
i ndex of 0.81 domi nance was 0.41. Out of the 757 A n. gambi ae tested by Polymerase 
Chain Reaction (PCR), 712(94.06%) were An. gambiae s.s., 192(25.37%) were M 
form and 520(68.69%) were S form. There was a very strong positive correlation 
between the M and S forms. As the M forms increase along the locations so also 
the S forms, r 2 = 0.94204. 

Keywords: M olecular, A nopheles gambiae, PCR, M and S form, M ambilla Plateau 
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now undergoing speciation. Fivechromosomal forms are now known to include; the Bamako, Bissau, Forest, 
Mopti and the Savannah as well as two mol ecu I ar forms these are the M and Sforms(Sinka, 2013). 

These si bl i ng sped es exh i bi t several behav i oral d i fferences w h i ch en hance thei r vector effi ci ency these 
indudetheir geographical distribution, biting and resting preferences. Other differences exhibited by the 
sibling species are, resistance to insecticides and host preference(Ebenezer eta/., 2014; and Wiebeeta/., 2017). 
For example, A n. gambiaes.s. ,An. arabiensis, A n. quadriannulatusA and B areknown to occur in freshwater, while 
An.bwambae.An. merus and A n. melas arefou nd in brackish water (Lehmann and Di abate, 2008). The molecular 
forms arefound in sympatry however, theM form predominates in arid, regions and mostly in irrigated areas 
or rice fields in West Africa. The S form is dominant in humid, forest habitats across West and East Africa 
(Lehmann and Diabate, 2008; and Sinka, 2013). Species diversity arises majorly from speciation and this has 
serious epidemiological implications todiseasetransmission. New and more effi dent vectors might arise and 
this could further complicate malaria transmission intensity. The malaria geographical distribution and 
transmission seasons could beextended as a result of these new species. Therefore, the need to determine the 
anopheline vectors present on the Mambilla Plateau, a highland area prone to malaria epidemics and to 
characterizethemolecularformsofthesevectors.Thiscould help to putin pi ace control mechanismsto check 
the outbreak of malaria i nfection i n the future. 

2. M aterials and methods 

2.1. Study area 

M ambilla Plateau is located at longitude6.8212° N, 11.5345° E and latitude7.3523° N, 10.7723° E in Taraba 
State North-Eastern N igeria. It has an area of about 3765 sq km while the adjoining lowland covers about 1,250 
sq km. IthasboundarieswithGashakaLocal Government Area in the north-east, Kurmi Local Government 
Area in the north-west and Republic of Cameroon by an inter national boundary in thesouth.lt is located ina 
savannah landscapewith a pecul iar topography and cl i mate. Thetopography of M ambil la Plateau comprises 
undulating lowland, low hillsand irregular plains, ridges, hills, and escarpment. Climateissemi-temperate 
with mean annual temperatureof 16 °C and rainfall of 1800 mm, the rainy season extendsfrom early April to 
October whilethedry season occurs from N ovember to M arch. M ambilla Plateau has an average altitudeof 
1600 m abovesea le/el with a population of 224,357 people(N BS, 2012). Thepeopleengage i n agricultureand 
stock herd i ng. C rops grow non the M ambi 11 a PI ateau i nd ud e; mai ze, beans, cocoyam, sweet potatoes and I ri sh 
potatoes. Tea, coffee cocoa and ginger, appleavocadoesand pears arealso grown among others. 



Figure 1: M ap of N igeria showing the study area 
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2.2 Study design 

Thestudy was carried out in five locations namely Nguroje, Yelwa, Gembu, Kakaraand Mayo-selbeall located 
at different altitudes on thehighlandsof M ambilla Plateau Taraba State N orth East N igeria. 

2.3 M osquito collections and preservation 

2.3.1 Center for D iseaseControl (CDC) light trap collection 

A traditionally defined cluster of 10 housesineach of thelocationswere chosen and three(3) houses equitably 
dispersed were randomly selected for inclusion inthesampling this gives a total of fifteen (15) houses in all. 
Mosquitoes were collected once every month. In every mosquito trapping night, I ighttraps were positioned 
both inside and around the houses between 6pm in the evening and 6am in the morning. The traps were 
inspected every one hour. Members of A nopheles mosquitoes captured were aspirated into clearly labeled 
paper cups. Indoor traps weresuspended from the ceiling at the foot end of the bed at approximately 1.5m 
abovetheground level inan occupied room(thesewerefixed stations for collection). Theoutdoortrapswere 
hu ng on a post arou nd the same houses. 

2.3.2. Pyrethrum spray catches (PSCs) 

Pyrethrum Spray Catches (PSC) were carried out from an average of eighteen (18) rooms whereat least one 
inhabitant slept the previous night but in which indoor residual spraying was not done as this may interfere 
with the result of the pyrethrum spray catch. PSCs were carried out by spreading white sheets on the entire 
floor and over thefurniturethat could notbemoved afterwhichtheroomsweresprayed with pyrethrum. The 
rooms were closed for about 10 to 15 min for mosquitoes to be knocked down. The knocked down mosquitoes 
werecollected from thewhitesheetswith forceps and put in cl early labeled petri dishes containing moist filter 
paper according to col lection site, elevation and dateof collection. The number of people sleeping in the room 
thenight before col lection period was also recorded. All the collected mosquitoes weretaken to thelaboratory 
for identification by microscopy. Female mosquitoes were classified according to their repletion status into 
unfed, fed, half-gravid and gravid specimens (WHO, 2009). Mosquito samples were preserved individually in 
an Eppendorf tube each on silica gel and taken to thelaboratoryforidentifi cation. They werelater transferred 
totheM olecular Entomology and Parasitology Laboratory at the N igerian I nstituteof M edical Research (NIM R), 
L agos N i geri a for fu rther anal ysi s. 

2.3.3. Larval collection and rearing 

Larvaewerecollected usingthestandard dipping method (Service, 1993) from between 0.8a.m. to 10.00a.m. In 
all locations where larvae were sighted, larvaeof all avail able instar werecollected anophelinelarvaewere 
d i sti ngu i shed from cu I i ci nes based on thei r resti ng habits i n water and respi ratory si phons. The edge of the 
d i pper was su bmerged, d i pped at about 45 degrees about an i nch below the su rface of the water qu i ckly but 
gently, the dipper was moved along a straight line in the water. The stroke was ended just before thedi pper 
was f i 11 ed to avoi d overf I ow i ng. The d i pper was then gentl y rai sed out of the water w ithout spi 11 i ng the water 
and thelarvae. Depending on the size of each larval habitat, 10-30dipsweretaken at intervals along the edge 
for about 30 minutes at each larval habitat(Keneaeta/., 2011). Themosquitolarvaewerethen transferred into 
plastic contai ners along with the breeding sites water. The pi asti c contai ners were I abel ed according to typeof 
habitat, I ocati on of col I ecti on and coordi nates of habitat. Ti me and date of col I ecti on were also recorded. To 
rear the mosquitoes, larvaefromthefield weretransferred into small white transparent plastic buckets. These 
werefilled to two-thi rdsof their volumewith the breeding site water. The mouths of theplastic buckets were 
covered with mosquito net. A small holewasmadeatthecenterofthenetand plugged with cotton wool until 
adults emerged. Larvaewerefed with baker's yeast (Service, 1993). 

2.4. M orphological identification 

All mosquitoes were identified to species level using themorphological keysofGilliesand DeMeillon(1968) 
and G i 11 ies and Coetzee (1987). The mosqu itoes werestored d ry on si I ica gel after morphol ogi cal identifi cati on. 
Specimens that were positively identified as belonging to An. gambiaes.l. were further tested by Polymerase 
Chain Reaction (PCR). 

2.5. PCR identification of members of A nopheles gambiae complex and the molecular forms of A nopheles 
gambiaess 

Thewingsor legs of all mosquitoes morphologically identified as An. gambiaes.1. wereused for DNA extraction. 
The mosquitoes were differentiated to species level using PCR which was performed with universal and 
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sped es sped f i c pri mers for theA n. gambiaes. I. M ol ecu I ar identifi cati on of An. gambiae sped es compl ex i s based 
onthespeciesspecificnudeotidesequencesintheribosomal DNA (rDNA)intergenicspacers(IGS)following 
the proced ureof Scott etal., (1993). F i ve sets of pri mers designed from the D N A sequences of the IGS regi on of 
An. gambiaes.!. rDNA were used in PCRfor the member species identification. The sequence details of the 
pri mers areabbreviated, UN primer anneals to the same position ontherDNA sequences of all fivespecies, GA 
annealsspecifically toA n. gambiaesensu stricto M E annealsto bothA n. merusand maf as, AR toA n. arabiensis and 
QD to A n. quadriannulatus. 

The PCR reaction mix of 12.5 pi contained IX PCR buffer 1.25 pi of each of the four oligonucleotide 
tri phosphates (dN TPs), 1.0pl of each ligonudeotideprimersand 0.5pl ofTaq. DNA polymeraseenzymeand 
1.0 /vl ofthegenomicDNA was used astemplatefortheamplification reaction. To improve specificity primers 
that were not found in the sampling location wereexduded in the master mix and steri le double disti I led 
water was used to makeup the volume to 12.5 //I for a single sample using pre-mix and using individual 
constituents. Each of this constituent of the master mix was multiplied by thenumber of samples identified. 

2.5.1 PCR protocol for An. gambiaecomplex 

Onelegor wing of each mosquito was placed in l.Oju I centrifuge tubes and appropriately labeled. A mixture 
ofthe pri mers and 12.5pl master mix was pi petted and added to the micro centrifuge tubes containing theone 
leg or wing from each of the mosquitoes. A positive control with PCR products of An. gambiae of the same 
primer set and a negative control without DNA templatewereinduded for each reaction mixtureand this 
reaction was placed in the PCR machine and this was programmed for An. gambiaes I. The reaction mixture 
wascentrifugefor 3minutesat 14000 rpm in order to separate the tempi ate DN A fromthetissues. The mixture 
was spun with theaid of a PTC lOOthermal cycler (MJ Research Inc., USA) according to the PCR conditions as 
follows; Initial Denaturation at 95 °C briefly for 2 minutes, 30 cycles each of denaturation at 95 °C for 30 
seconds, annealing at 55 °C for 30 seconds, extension at 72 °C for 40 sec and final extension at 72 °C for 7 
minutes.Theamplified DNA wasseparated on a 1.0% agarose gel stained with ethidium bromideand viewed 
on a UV transilluminator. 

2.5.2. PCR protocol for An. gambiaes.s. 

For the identification of molecular forms of A n. gambiaes.s. the constituents of the digest consist of 0.2 pi 
enzymeand 0.6pl buffer, steriledoubledistilledwaterwasusedtomakeupthevolumetol.8jUlforindividual 
constituents. Protocol involved adding 1.8pl of digest mix and 10jul of PCR productto each tube and PCR was 
performed as in the case of A n. gambiaesl and theproductwas run on gel aswell. 

2.6. Data analyses 

Relativedensitiesof species werecalculated to compare the number offemaleanophelines captured in different 
altitude locations according to Bashar and Tuno(2014). Shannon wiener diversity index (H') Shannon (1948) 
was used to esti matespeciesd iversity ofthe mosquitoes caught at d ifferent study I ocations. Logistic correlation 
analysis was employed to study the relationship between molecular forms and altitude using SPSS® 16.0 
(©SPSS Inc., Chicago, IL. 2007). 

3. Results 

3.1.Morphological identification ofanophelines 

A total of 878anopheline mosquitoes comprising of fivespecieswerecollected from across the fivealtitudi nal 
locations. An. gambiaes.!., was the most abundant of all the species collected that is; 757(86.22%), followed by 
An. coustani 73(8.31%), An. funestus 29(3.30%), 18(2.05%) and theleastAn. rufipes 1(0.11%). Mayo-sel be recorded 
thehighest number of mosquitoes collected 572(65.15%), Gembu was next with 163(18.56%), N guroje69(7.86%), 
Yelwa 24(2.73%), Kakara had 50(5.69%) mosquitoes. Four out of the five anopheline mosquito specieswere 
caught in Yelwa, Gembu and Mayo-sel be whilethree species each werecaught in Kakara and Ngurojeeach. 
The nu mber and sped es composition of theA nopheles mosquitoes are represented i n Tabl e 1. 

Adult A nopheles mosquitoes make up 79.61% of thetotal col lection along thealtitudi nal locations. Table2 
showstherelativedensitiesofthefiveanophelinespeciesAn. gambiae had the highest relativedensity of 93.42, 
An. coustani 5.01, An. funestus 0.86, An. pbaroens/s 0.57 w hi I eAn. rufipes had the I east 0.14. Table3 reveal that in 
the dry season, December recorded 235 number of mosquitoes and this was the highest collection for the 
season, the species diversity was however low 0.28. A n. gambiae had high dominance of 0.75 over other 
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Table 1: Number and species composition of Anopheles mosquitoes along altitudinal locations 

Species 

Locations 

Altitude (m) 

An. gambiae 

An. coustani 

An. funestus 

An. pharoensis 

An. rufipes 

Total 

Nguroje 

1,885 

66 

2 

0 

0 

1 

69 

Ydwa 

1,674 

17 

4 

2 

1 

- 

24 

Gembu 

1,584 

115 

20 

17 

11 

- 

163 

Kakara 

1,496 

34 

12 

4 

0 

- 

50 

M ayo-sel be 

484 

525 

35 

6 

6 

- 

572 

Total 


757 

73 

29 

18 

1 

878 


Table 2: Relative densities of female anophelines along altitudinal locations 

Species 

Locations 


Nguroje 

Yelwa 

Gembu 

Kakara 

M ayo-sel be 

Grand Total 


Light 

Trap 

PSC 

Light 

Trap 

PSC 

Light 

Trap 

PSC 

Light 

Trap 

PSC 

Light 

Trap 

PSC 

N 

RD 


In 

Out 


In 

Out 


In 

Out 


In 

Out 


In 

Out 




An. 

gambiae 

3 

3 

3 

7 

2 

8 

11 

4 

48 

1 

0 

12 

68 

11 

472 

653 

93.42 

An. 

coustani 

0 

0 

0 

0 

0 

2 

0 

0 

0 

3 

2 

1 

5 

1 

21 

35 

5.01 

An. 

funestus 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1 

3 

6 

0.86 

An. 

pharoensis 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

3 

4 

0.57 

An. 

rufipes 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.14 

Total 

3 

4 

3 

7 

2 

11 

11 

4 

48 

4 

2 

13 

75 

13 

499 

699 

100 

Grand 

Total 

10 



20 



63 



19 



587 






Table 3: Monthly species diversity of anopheline vectors of malaria 

M onths 

Species 

richness 

(S) 

Species 

abundance 

(N) 

Diversity 

index 

(H') 

M aximum 

diversity 

<H max > 

Evenness (J) 

Dominance (D) 

N ov ember 

4 

95 

0.59 

1.39 

0.42 

0.58 

December 

3 

235 

0.28 

1.10 

0.25 

0.75 

January 

2 

58 

0.10 

0.69 

0.14 

0.86 

February 

2 

55 

0.17 

0.69 

0.25 

0.75 

March 

1 

6 

0.00 

0.00 

0.00 

1.00 
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Table 3 (Cont.) 

M onths 

Species 

richness 

(S) 

Species 

abundance 

(N) 

Diversity 

index 

(H') 

M aximum 

diversity 

<H max > 

Evenness (J) 

Dominance(D) 

April 

3 

49 

0.64 

1.10 

0.58 

0.42 

May 

3 

65 

0.46 

1.10 

0.42 

0.58 

June 

4 

104 

0.99 

1.39 

0.71 

0.29 

July 

1 

7 

0.00 

0.00 

0.00 

1.00 

August 

2 

16 

0.23 

1.10 

0.21 

0.79 

September 

4 

98 

0.58 

1.39 

0.42 

0.58 

October 

4 

91 

0.60 

1.39 

0.43 

0.57 


species. March recorded the least abundance with only six mosquitoes caught. Thediversity index wasO 
becauseonlyA n. gambiae were caught in M arch therefore, thespecies had the highest dominance of 1.00 over 
other species. In the rainy season, 104mosquitoeswerecollected injunetherewasalsoahighdiversity index 
of 0.99 but A n. gambiae had I ow d omi nance of 0.29 over other sped es. 


For the locations, Table 4 shows that. M ayo-sel be had the highest species abundance of 572 but lowest 
sped es diversity index of 0.244 n. gambiae dominated over other anophelinespecies0.76. Gembu recorded the 
next higher abundancewith 163 mosquitoes it also recorded the highest diversity index of 0.99 as well as the 


Table 4: Species abundance and diversity of anopheline vectors of malaria across the altitudinal locations 

Location 

Species 

richness 

(S) 

Species 

abundance 

(N) 

Diversity 

index 

(H') 

M axi mum 

diversity 

<H max > 

Evenness (J) 

Dominance (D) 

Nguroje 

3 

69 

0.61 

1.10 

0.55 

0.45 

Yelwa 

4 

24 

0.81 

1.39 

0.58 

0.41 

Gembu 

4 

163 

0.92 

1.39 

0.81 

0.19 

Kakara 

3 

50 

0.81 

1.10 

0.74 

0.26 

M ayo-sel be 

4 

572 

0.34 

1.39 

0.24 

0.76 


Table 5: Molecular forms of An. gambiae s.s. along altitudinal locations 

Location 

N umber 

sampled 

Anopheles gambiae Molecular Forms 

Not 

identified 

r 2 

M form 

S form 

Nguroje 

66 

21 

45 

- 

0.94204 

Yelwa 

17 

5 

12 

- 


Gembu 

115 

15 

83 

17 


Kakara 

34 

11 

23 

- 


M ayo-sel be 

525 

140 

357 

28 


Total (%) 

757 

192(25.36) 

520(68.69) 

45(5.94) 


Note: r 2 = Correlation coefficient, a very strong positive correlation between the M and S forms. As the M forms increase 
along the locations so also the S forms. 
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lowest An. gambiae dominance of 0.14. Nguroje recorded 69 mosquitoes abundance and species diversity 
i ndex of 0.61 A n. gambiae domi nance over other species was 0.45. Kakara had abundance of 50 and a high 
d i versi ty i nd ex of 0.81 but A n. gambi ae record ed I ow d omi nance 0.26. Y el wa had the I east abu nd ance but very 
high diversity index of 0.81, A n. gambiae d omi nance over other species was 0.41. 

3.2. M olecular characterization (M and S) forms 

Mosquitoes morphologically identified asAn. gambiaes.l. species were further identified to species and An. 
gambiaes.s. molecular forms. Outofthe757An. gambiaes.l. tested 712(94.06%) ofthesewereidentified asAn. 



367 bp 
(m-form) 


lOObp 
DNA —J 

ladder 


257 bp 
(s-form) 


Figure 2: Amplified fragment using the species - specific assay for the identification of member of the 
An. gambiaes.s. Lane 1 lader (molecular marker), lane 2 negative control: lanes 3-20 test lanes of 
An. gambiaes.s. (m-form =367 bp and s-form=257 bp) 

gambiaes.s. and they occurred inall the altitudinal locations and months of col lection 45(5.94%) could not be 
identified thiscould haveresulted from incorrect morphological identification, DNA degradation dueto bad 
preservation or human error. Out of the712An. gambiaes.s., 192(25.37%) wereM form and 520(68.69%) were 
Sform (Table5). 

4. Discussion 

All the anopheline species reported in the current study have been reported in other parts of Nigeria and 
Africa (Okori eetal., 2011; Mala etal., 2011; Fornadel etal., 2011; M unhenga etal., 2014; and Dida etal., 2015). 

Thisconfirms thewide range of geographic distribution of the anophelines. An. gambiaes.l. was the most 
abundant of all the anophelines species encountered itwas recorded monthly in all thefivealtitudelocations 
however, the populations werenot abundant throughout the season. Several studies have reported similar 
high abundance of An. gambiaes.l. from different parts of Nigeria (A yanda, 2009; Okori e; etal., 2011; Afolabi et 
al ., 2013; and A i gbod i on et al., 2013) i t i s among the most often reported mal ari a vector sped es i n the cou ntry 
(Okorieet a/., 2011). An. gambiaeand An. funestus were two principal anopheline species identified inthe 
current study this agrees with Ayanda, (2009) who recorded these two species out of thethreeA nopheles 
species recovered in Nassaraw a state. An. gambiaeand An. funestuscomplexestogethercomprised 14.4% of the 
total species recorded in Benin City Nigeria(Aigbodion etal. ,2013), they form 65.2% and 17.3% respectively 
of most commonly reported malaria vectors in N igeria (Okorieet al., 2011). Earlier study in other African 
highlands had reported these two species as the predominant anophelines (Bodker et al., 2003). This has 
serious health implications as the two species have been identified as important malaria and lymphatic 
f i I ari asi s vectors i n N igeria (A i gbod i on et al ., 2013) parti cu I arl y so that N i geri a i s one of the cou ntr i es w i th 
high percentageof malaria prevalence in Sub-Saharan Africa (WHO, 2015 and 2017).An. funestus adapts well 
and has a wide geographic spread in Sub-Saharan Africa it has high affinity for human blood and feeds 
indoors. The species is suggested as more efficient in mal ari a transmission at some instances than A n. gambiae 
(Sinka, 2013). 

Several studiesaresuggestiveof thefactthat someA nopheles species which until now were not transmitting 
the disease are now assuming vector status (M wangangi etal., 2013). An. coustani recorded thesecond highest 
abu nd ance (4.05%) of anophel i nes al ong the al ti tud i nal I ocati ons. The sped es i s f ai rl y abu ndant w i th a w i d e 
geographical distribution in many parts of Africa including; N igeria (Okorieet al., 2011), Zambia (Fornadel et 
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al., 2011), South Africa (Munhenga eta/., 2014) Kenya and Tanzania (Mwangangi eta/., 2013; and Dida eta/., 

2015) among others. I n the current study, thespecies was not tested for Plasmodium sporozoites it wasfound 
negativefor Plasmodium parasitesin Southern Zambia (Fornadel eta/., 2011) butcontributed asubstantially 
high Entomological I noculation Rate(EI R) with 23.91 infectious bites per person per year to the overall El R 
recorded in Kenya (Mwangangi eta/., 2013) and wasfound tobeplayingamajor role in outdoor transmission. 
The high demonstration of anthropophilie tendencies is suggestive of its potential as a secondary malaria 
vector in Africa (Fornadel eta/., 2011) and although it has not been implicated with malaria transmission in 
N igeria, its presence in the study area is of epidemiological concern. This species may haveor develop the 
potential to bea vector in the country and may play a significant role in malaria transmission in thefuture. 

An. rufipes and A n. pharoensis were I ess abu ndant among al I anophel i ne sped es encountered A n. rufipes had 
theleastabundance0.11%and only in Ngurojethisisi n conformity with M unhenga eta/. (2014) who recorded 
least abundanceof An. rufipes 0.1% and confined to only onelocation of thefive locations sampled. A n. rufipes 
and An. pharoensis have not been incriminated in malaria transmission inthe study area and although both 
species arezoophi lie and exophi lie, they are potential secondary vectors (Norris and Norris, 2015). 

I nthedry season, December experienced moreanophelines species abundanceand leastin March. December 
marked the beginning of the dry season when more larval breeding habitats werenewly formed by the receding 
rainsaswell as high emergence of adult mosquitoes. March indicates the peak of the dry season and itwas 
observed that most of the breeding sites were dried upthereby reducing adult abundance. Also most of the 
potenti al breed i ng si tes were man- mad e and these d ri ed up as the d ry season i ntensi f i ed. Thi s cou I d exp lain 
thehighanophelines sped es abu nd ance i n D ecember andreductionin same d u ri ng M arch. A si mi I ar trend 
was observed i n thell sambara M ountai ns i n Tanzania where highest anophel i ne mosquitoes werecol I ected 
at the end ofthelong rains(Bodkereta/., 2003). Shortly after rai nfall, Anop/ie/es mosquitoes tend to quickly 
recolonize habitats (Mala eta/., 2011). In the rainy season, June and September recorded moreanophelines 
abundances.Junerecordedthehighest abundanceand speciesdiversitywhileleast abundances wereobserved 
inJulyandAugustwithJuly record i ng the I east abu nd ance and d i versi ty of sped es. These d i fferences cou I d 
beas a result of thechange in precipitation. In the study area, the rai ns weresteady and moderateinjuneand 
September. Larval habitats werewell-established and productivethereby resulting in more larval presence. 
The temperatures and relative humid ity were al so favorabl eto both the larvae and ad ult devel opments. 

On thecontrary, July and A ugust i nd i cated the peak of the rai ny season and it was observed that most of the 
breeding sites wereflooded and someovergrown with tall grasses. Larvaewerewashed away by the heavy rains 
thereby reducingthenumberthat emerged to adults. Thisresultagrees with earlier study in Bali Local Government 
A rea of thesamestate in which An. gambiaes. s. werecollected mostly in Juneand noneduring the peak rainy 
months of July and August(Lamidi etal., 2017). It is a general consensus that precipitation is associated with 
extended duration of water bodies for thefemalemosquitoes to successfully oviposit and larvae to develop to 
adults. It is also a known fact that larval habitats can become flooded with excessive preci pi tati on resulting in 
reduced adult population density dueto washing away of thelarvae(Vajdaet al., 2017). 

The high species abundances recorded by Mayo-selbe and Gembu have serious epidemiological 
consequence. Mayo-selbeisatthefoot of the mountain and has morefavorable environmental conditionsfor 
both adult development and parasites development time within the vector. Mayo-selbe cou Id serve asa 
reservoi r of mal ari a transmi ssi on to the highlands. Gembuis strategi c i n the M ambi 11 a pi ateau. 11 i s the center 
of convergence of peopl e from the I ow I and s and other smal I er or more ru rai I ocati onswithintheMambilla 
Plateau. Highest species diversity index and lowestAn. gamb/aedominancewere recorded in Gembu. Someof 
the mosquito species sampled from this location have been reported to pi ay significant and some secondary 
rol es in malaria transmi ssionelsewhere(M wangangi etal., 2013; and Sinka, 2013), these species cou Id assume 
vector status i n the futu re i n the absence of A n. gambi ae. 

I n thecurrent study, A n. gambi ae Sform domi nated over the M form a recent study i n another part of the 
state how a/er found theM form being dominant over the S form (L ami di etal., 2017). This is to be expected as 
the S form i s know n to show preference to breed i n temporary pool s w hi ch are formed shortl y after the rai ns 
whiletheM forms prefer habitats such as rice fields or flooded areas, which are more permanent in nature 

(Sogoba, eta/., 2008; Sinka, 2013; and Coetzee etal., 2013). These twohabitat types typify the natureof larval 
habitats found in theM ambilla Plateau and Bali respectively. Earlier study by Onyabeeta/. (2003) found the 
two molecular forms to occur all over the country (Nigeria) irrespective of the ecological location. About 
45(5.94%) could not be identified thiscould haveresulted from incorrect morphological identification, DNA 
degradation dueto bad preservation or human error. 
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Resu I ts of the cu rrent study reveal ed the composi ti on of anophel i ne mosqu i to sped es i n the study area. 
Population of An. gambiaes.l. was the most abundant of the five species of anophel ine mosquito and An. 
gambiaes.s. was the main anophel ine vector of malaria on the highlands of M ambilla Plateau N igeria. This 
poses serious health implications as A n. gambiae is the major vector of malaria in sub-Saharan Africa and 
N i geri a i n parti cu I ar w here the bu rd en of the d i sease isstill high. 

5. Conclusion 

Several factors have enhanced the vector efficiency of A n. gambiae in sub-Saharan Africa among which are 
abundanceand close association with humans, itsanthropophilicbehavior which increases itsvector-hu man 
contact and the chance to transmitdisease.Thiscallsfor concerted effort for the control of these species in 
order to achieve maximum success in the fight against malaria in N igeria and Africa as a mechanism to 
prevent futureepidemics of malaria in thehighland regions of the country, M ambilla Plateau in particular. 
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